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SPECTROMETER MODULE integrated sensor circuits that the group of adjacent elec 
tronic circuit modules is mounted so that the light sensitive 

CROSS - REFERENCE TO RELATED areas thereof are arranged in vicinity to each other , and an 
APPLICATIONS optical module , which is common to said plurality of sepa 

5 rate electronic circuit modules and arranged to direct inci 
This application claims foreign priority to European Pat - dent light towards the light sensitive areas of each of said 

ent Application No . 15202374 . 3 , filed Dec . 23 , 2015 , the electronic circuit modules . 
contents of which are incorporated by reference herein in its By arranging the light sensitive area in a particular area of 
entirety . the integrated sensor circuit , it is possible to mount adjacent 

10 electronic circuit modules in such a relationship that the 
BACKGROUND light sensitive areas become closely arranged in the spec 

trometer module . This arrangement further facilitates having 
Technological Field an optical module that is common to the plurality of separate 
The present disclosure relates to recording of spectral electronic circuit modules . 

information . 15 Forming a spectrometer module according to the first 
Description of the Related Technology aspect enables use of a very small spectrometer module 
In spectral sensing , it is desired to acquire spectral infor - which may be arranged to sense light of wavelengths that are 

mation of an object . Spectral sensing should be understood vastly different . 
as spectral information being acquired , wherein light from Each of the plurality of separate electronic circuit mod 
the object is captured and spectral information is extracted . 20 ules may be arranged on a separate die . 
The spectral sensing may capture spectral information from By having separate electronic circuit modules formed on 
the object , such as from a single point or from a region of separate dies , manufacture of each electronic circuit module 
the object . Spatial information may optionally also be may be adapted to the specific requirements associated with 
acquired , such that the spectral information may also be the wavelengths of light to be detected by each respective 
spatially resolved . In spectral sensing , incident light relating 25 electronic circuit module . 
to multiple ranges of wavelengths is detected . The spectral The light sensitive areas of said plurality of separate 
sensing may for instance be used in analysis of objects , such electronic modules may together define a sensor plane of the 
as for determination whether a substance having a specific spectrometer module . 
spectral profile is present in the object . The light sensitive area may be arranged along a side of 

The terms multi - spectral sensing and hyperspectral sens - 30 the electronic circuit module . 
ing are often used . These terms do not have established The light sensitive area may be arranged in a corner of the 
definitions , but typically multi - spectral sensing refers to electronic circuit module . 
spectral sensing using a plurality of discrete wavelength The light sensitive area of each electronic circuit module 
bands , whereas hyperspectral sensing refers to sensing nar - may include a plurality of pixels , each pixel being arranged 
row spectral wavelength bands over a continuous spectral 35 to detect incident light of a selected wavelength , wherein the 
range . Hyperspectral sensing may also often use a larger plurality of pixels include sets of pixels that are sensitive to 
number of spectral bands than what is used in multi - spectral the same selected wavelength , and wherein the set of pixels 
sensing . is distributed over the light sensitive area . 

Spectral sensing may be performed by spectrometers , The plurality of pixels of each light sensitive area may be 
which are dedicated devices for acquiring spectral content of 40 arranged in a pattern which is repeated on said light sensitive 
an object . Spectrometers may come in many different vari - area , wherein each one of the pixels of the pattern is 
ants , depending on what application the spectrometer is to be arranged to detect incident light of a unique selected wave 
used in . lengths . 

The pattern may include at least eight pixels . 
SUMMARY OF CERTAIN INVENTIVE 45 The spectrometer module may further comprise a pro 

ASPECTS cessing unit , which is adapted to calculate an average 
intensity of incident light as detected by the plurality of 

It is an object of the present disclosure to provide an pixels in a set of pixels . 
improvement to spectral sensing . One object of the disclo - Each of the electronic circuit modules may further com 
sure may be to enable acquiring of spectral information 50 prise a filter bank , which is arranged on top of the light 
using a relatively inexpensive device . One object of the sensitive area , wherein the filter bank comprises a plurality 
disclosure may be to enable acquiring of spectral informa - of wavelength - selective filters for controlling the wave 
tion using a relatively small device . One object of the length of light incident on pixels in the light sensitive area . 
disclosure may be to enable acquiring of spectral informa - Each of the electronic circuit modules may further com 
tion , wherein a device for acquiring the spectral information 55 prise a rejection filter arranged on top of the electronic 
is easy to use . circuit module for controlling a wavelength interval that is 
According to a first aspect of the present disclosure , there allowed to pass the rejection filter towards the light sensitive 

is provided a spectrometer module , comprising : a plurality area . 
of separate electronic circuit modules , each of said elec - Different rejection filters may be arranged on top of 
tronic circuit modules comprising an integrated sensor cir - 60 different electronic circuit modules . 
cuit including a light sensitive area occupying part of an area According to a second aspect of the present disclosure , 
of the integrated sensor circuit , the integrated sensor circuit there is provided a user device comprising a spectrometer 
being arranged to detect incident light within a set wave - module according to the first aspect . 
length interval , wherein the plurality of separate electronic Thus , a user device may make use of a very small 
circuit modules include a group of adjacent electronic circuit 65 spectrometer module and the spectrometer module may be 
modules and the light sensitive areas of the electronic circuit combined with functionalities of other components in the 
modules in the group are so arranged on the respective user device . 
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The user device may be any type of device that may for allowing connection of the at least one electronic circuit 
communicate with the spectrometer module and may com - module to components of a user device . 
prise processing capability for processing spectral data The housing may further comprise an outer physical 
recorded by the spectrometer module . Thus , the user device interface facilitating mounting of the housing in a user 
may for instance be a portable user device , such as a mobile 5 device . 
phone , a digital camera , a laptop , a tablet PC , or a wearable According to a fourth aspect of the present disclosure , 
user device , e . g . a smart watch . The user device may there is provided a user device , wherein the spectrometer 
alternatively be a dedicated or general sensor unit , which module according to the third aspect is arranged in the user 
may provide a plurality of sensors , including the spectrom device by mounting of the housing in the user device . 

unit 10 Thus , the spectrometer module may be arranged as a eter module , for making measurements . Such a sensor unit 
may for example be used in an industrial application , such self - contained unit , including an illumination source and at 

least one electronic circuit module , in the user device . as for performing measurements relevant to an industry Hence , the spectrometer module may be easily connected to process . the user device for providing spectral data to the user device . According to a third aspect of the present disclosure , there 16 15 According to a fifth aspect of the present disclosure , there is provided a spectrometer module , comprising : at least one is provided a spectrometer module , comprising : at least one 
electronic circuit module , comprising a light sensitive area electronic circuit module comprising a light sensitive area for detecting incident light of a plurality of wavelengths for detecting incident light of a plurality of wavelengths 
within a set wavelength interval ; an illumination source for within a set wavelength interval , wherein detected light of a 
illuminating an object , wherein the light sensitive area is 20 plurality of wavelengths forms spectral data ; and a memory 
arranged to detect incident light which has interacted with storing predetermined correction data for correcting the 
the illuminated object ; and wherein the spectrometer module spectral data detected by the light sensitive area . 
further comprises a housing in which the illumination source By having a memory storing predetermined correction 
and the at least one electronic circuit module are mounted , data , the spectrometer module may comprise information for 
wherein the housing further includes a blocking element 25 ensuring that spectral data recorded by the spectrometer 
obstructing light from the illumination source from propa - module is correctly interpreted . 
gating within the housing to the light sensitive area . The stored correction data may comprise a predetermined 

The spectrometer module may thus be provided as a characteristic of the at least one electronic circuit module . 
self - contained unit , the at least one electronic circuit module The predetermined characteristic may be any one of : a 
and the illumination source being arranged in a common 30 center wavelength of a wavelength band detected by a pixel 
housing . Having an illumination source may ensure that an in the light sensitive area ; a wavelength width of a wave 
object is illuminated with a desired spectral profile in order length band detected by a pixel in the light sensitive area ; the 
to facilitate specific analysis of the object . center wavelengths of a plurality of pixels in the light 

The spectrometer module may further comprise a supple - sensitive area ; the center wavelength of a single pixel in the 
mentary sensor , which is mounted in the housing and which 35 light sensitive area ; and a transmission loss relevant for a 
is arranged to receive light propagating internally within the pixel in the light sensitive area . 
housing from the illumination source to the supplementary The spectrometer module may further comprise a pro 
sensor . cessing unit , which is configured to adjust the spectral data 

The spectral profile and intensity of the illumination using the stored correction data . 
source may for example depend on ambient temperature , age 40 The spectrometer module may further comprise a com 
of the illumination source , or whether manufacturing of the bination module which is arranged to receive the spectral 
illumination source is able to meet an ideal profile . Thanks data and the stored correction data and to correct the 
to using the supplementary sensor , the actual spectral profile wavelength information of the spectral data using the stored 
provided by the illumination source may be detected and correction data . 
used in analysis of the recorded spectral data . 45 The combination module may be arranged to adjust a 

The housing may comprise at least one reflective surface detected intensity in the spectral data using a transmission 
for reflecting light from the illumination source to the loss stored in the memory . 
supplementary sensor . The spectrometer module may be arranged to output 

The spectrometer module may further comprise a pro - corrected spectral data . 
cessing unit , which is configured to automatically correct a 50 The spectrometer module may be arranged to output the 
spectrum recorded by the at least one electronic circuit spectral data combined with the stored correction data . 
module using characteristics of the illumination source as 
detected by the supplementary sensor . BRIEF DESCRIPTION OF THE DRAWINGS 

The housing may further comprise a first aperture for 
allowing light from the illumination source to leave the 55 The above , as well as additional objects , features and 
housing in a direction towards the object , and a second advantages of the present disclosure , will be better under 
aperture for allowing light from the object to pass into the stood through the following illustrative and non - limiting 
housing in a direction towards the light sensitive area , detailed description of preferred embodiments of the present 
wherein the first and second apertures face a common disclosure , with reference to the appended drawings . In the 
direction . 60 drawings like reference numerals will be used for like 

The first and second apertures may be arranged in a elements unless stated otherwise . 
common side wall of the housing . FIG . 1 is a schematic illustration of a spectrometer 

The spectrometer module may further comprise a printed module . 
circuit board on which both the illumination source and the FIG . 2 is a schematic illustration of a layout of electronic 
at least one electronic circuit module are mounted . 65 circuit modules of the spectrometer module of FIG . 1 . 

The spectrometer module may further comprise an elec - FIG . 3 is a schematic illustration of a spectrometer 
tronic interface which extends through a wall of the housing module including an illumination source . 
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FIG . 4 is a schematic illustration of a user device includ - In combination , the light detectors 24 may allow for 
ing or supporting a spectrometer module . spectral sensing or multi - spectral sensing as light of a 

FIG . 5 is a schematic illustration of a user device provid number of wavelengths may be detected . 
ing target assistance for a user . The light detectors 24 may be arranged to detect selected 

FIG . 6 is a schematic illustration of a user device provid - 5 wavelengths within a spectrum of visible light . However , the 
ing target assistance for a user . light detectors 24 may alternatively , or additionally , be 

arranged to detect selected wavelengths within other ranges , 
DETAILED DESCRIPTION OF CERTAIN such as ultraviolet light , near infrared light or infrared light . 

ILLUSTRATIVE EMBODIMENTS The plurality of filters 26 may be integrated with the 
10 electronic circuit module 20 for providing a fixed relation 

Detailed embodiments of the present disclosure will now ship between the filters 26 and the light detectors 24 . The 
be described with reference to the drawings . filters 26 may comprise Fabry - Perot structures ( not shown ) 

A spectrometer comprises a sensor , which is arranged to having two reflective surfaces on respective sides of a cavity , 
wherein a thickness of the cavity may determine a narrow detect an intensity of light of different wavelengths . The 15 wavelength band that is allowed to pass towards the light spectrometer comprises an optical module for directing light detectors 24 . The Fabry - Perot filters may be designed for 1st from an object towards the sensor . Thus , the spectrometer is order to maximize the free spectral range or use higher order able to record spectral data , which may provide information designs for multi - resonance filtering . Multi - cavity filters about the object . may be used for a wider full - width at half - maximum 

Referring now to FIG . 1 , a spectrometer module 10 will 20 ( FWHM ) of the filter . Thus , by varying the thickness of the 
be described . The spectrometer module 10 comprises com cavity on top of respective light detectors 24 , the light 
ponents enabling recording of spectral data of an object 12 detectors 24 may be arranged to detect incident light of 
allowing , for example , analysis of the object 12 based on the different wavelengths . Alternatively , other thin film based 
recorded spectral data . interference filter structures can be used , instead of or 

The spectrometer module 10 may be a stand - alone unit , 25 together with the Fabry - Perot filters . 
but may alternatively be mounted in or on another device . Alternatively , the spectrometer module 10 may comprise 
The device in or onto which the spectrometer module 10 is separate filters , which are mounted in relation to the elec 
mounted will in the following be referred to as a user device tronic circuit module 20 such that a relationship between the 
100 . The user device 100 may be any type of device that may filters and the light detectors 24 is fixed . Thus , the filters 
communicate with the spectrometer module 10 . The user 30 need not necessarily be integrated with the electronic circuit 
device 100 may also have processing capability for process - module 20 . 
ing recorded spectral data . The spectrometer module 10 may comprise a dispersive 

The spectrometer module 10 may comprise an electronic element , such as a grating , which is arranged to direct 
circuit module 20 , which enables detecting incident light . different wavelengths of light into slightly different direc 
The electronic circuit module 20 may comprise a light 35 tions . Thus , a mounting of the dispersive element in relation 
sensitive area 22 . The light sensitive area 22 comprises one to the light detectors 24 may control which wavelength of 
or more light detectors 24 . A light detector 24 is arranged to light is directed towards the respective light detectors 24 . 
capture light incident on the light detector 24 , for example The light sensitive area 22 of the electronic circuit module 
by converting incident light to an electric charge . 20 may comprise a plurality of light detectors 24 . Each light 

The light sensitive area 22 may be formed as any type of 40 detector 24 may be arranged to detect light of a selected 
light - detecting circuitry . For instance , a charge coupled wavelength , for example by arrangement of the light detec 
device ( CCD ) image sensor or a complementary metal - tor 24 in relation to a filter 26 as described above . The 
oxide - semiconductor ( CMOS ) image sensor may be used . plurality of light detectors 24 may comprise a set of light 
The light - detecting circuitry may be adapted to a range of detectors 24 that detect the same selected wavelength . The 
wavelengths to be detected by the light detectors 24 . For 45 set of light detectors 24 may further be distributed over the 
instance , the light detectors 24 may use InGaAs , MCT or light sensitive area 22 , such that the light detectors 24 within 
other detector substrates for detection of infrared light . a set are not adjacent to each other . 
Further , the light detectors 24 may be pixels of an image This implies that the plurality of light detectors 24 within 
sensor . a set may have slightly different relationships to the optical 

The spectrometer module 10 may further comprise an 50 module 40 of the spectrometer module 10 . This may be used 
optical module 40 , which is arranged in relation to the in several ways for handling that the information about an 
electronic circuit module 20 for directing light from an object 12 as detected by the light detectors 24 may not be 
object 12 towards the light sensitive area 22 . fully reliable . 

The spectrometer module 10 may be arranged to detect For instance , the different light detectors 24 within a set 
selected wavelengths of light that is incident on each light 55 may detect light that originates from different portions of the 
detector . In this regard , the electronic circuit module 20 may object 12 . Thus , if there is a spatial inhomogeneity of the 
comprise at least one filter 26 , which is arranged on top of object 12 , such as local artifacts of the object 12 , the 
the light detector 24 for controlling a wavelength or band of plurality of light detectors 24 within the set may ensure that 
wavelengths or a combination of bands of wavelengths of the inhomogeneity does not affect analysis of the object 12 . 
light that is allowed to pass through the filter 26 towards the 60 Also , an angle of incident light may affect detected light . 
light detector 24 . A plurality of filters 26 may be provided for For instance , the selected wavelength that is passed through 
controlling wavelengths of light that are allowed to pass the filter 26 towards the light detector 24 may depend on the 
towards respective light detectors 24 . angle . The plurality of light detectors 24 may have varying 

The plurality of filters 26 may constitute a filter bank angular relationship to the optical module 40 and , hence , to 
having a plurality of wavelength - selective filters for con - 65 the object 12 that is to be analyzed . Thus , if the spectrometer 
trolling the wavelength of light incident on light detectors module 10 is arranged at a non - optimal angle in relation to 
24 . the object 12 , effects of the non - optimal angle may be 
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diminished by using the fact that the plurality of light Thus , the light detectors 24 of an electronic circuit module 
detectors 24 receive incident light at different angles . 20 may be arranged to together detect light having wave 

This arrangement of the set of a plurality of light detectors lengths within a selected interval . The rejection filter 28 may 
24 on the light sensitive area 22 is particularly advantageous then be arranged to pass only wavelengths of light within the 
for a spectrometer module 10 , which is to be used in a 5 selected interval . 
handheld device , as an angular relation to the object 12 may The rejection filter 28 may be formed in a glass substrate , 
not be very accurately controlled during recording of spec which has a coating for passing only wavelengths within the 
tral data . selected interval . The glass substrate may be bonded to the 

The plurality of light detectors 24 in the light sensitive electronic circuit module 20 on top of the filters 26 . 
area 22 may be arranged in a pattern , which is repeated on As an alternative , the rejection filter 28 may be mounted 
the light sensitive area 22 . Each light detector 24 in the in the spectrometer module 10 , but not necessarily fixed to 
pattern may be arranged to detect incident light of a unique the electronic circuit module 20 . 
selected wavelength . Thus , the pattern may be arranged to As another alternative , separate rejection filters 28 may be 
record spectral data , whereas the repeating of the pattern 15 arranged on top of different light detectors 24 and their 
implies that sets of plurality of light detectors 24 are formed respective filters 26 on the electronic circuit module 20 . 
having a plurality of light detectors 24 arranged to detect the As another alternative , the rejection filters 28 can be 
same selected wavelength and distributed over the light deposited and may be patterned directly on top of the filters 
sensitive area 22 . 26 that are in their turn on top of the electronic circuit 

The light detectors within a single pattern on the light 20 module 20 . 
sensitive area 22 , may detect incident light of different As another alternative , the rejection filters 28 can make 
wavelengths from a common spatial portion of the object 12 . use of traditional RGB absorption filters or other post 
Thus , repeating the pattern may allow recording spectral processed absorption based filters . These absorption based 
data from a plurality of spatial portions of the object 12 . filters may be used in combination with interference filters . 

The single pattern may include at least 8 different light 25 The electronic circuit module 20 may further comprise 
detectors 24 in order to detect incident light of 8 unique control circuitry 30 for controlling functionality of the 
selected wavelength bands . However , in other variations , the spectrometer module 10 . The control circuitry 30 may 
single pattern may include at least 32 different light detectors comprise circuitry for reading out detections of incident 
24 , or 64 different light detectors 24 . light made by the light detectors 24 and converting the read 

In some applications , the single pattern may include fewer 30 out detections to digital values in order to form spectral data . 
light detectors 24 , such as 4 different light detectors 24 . The The control circuitry 30 may further comprise circuitry for 
unique selected wavelengths may be selected for enabling performing initial processing of recorded spectral data and 
detection of particular information , such as presence of a for transferring the initially processed spectral data to other 
specific substance in the object 12 . For such applications , it units within or outside the spectrometer module 10 . 
may be sufficient to detect light of only a few , but specifi - 35 The electronic circuit module 20 may be an integrated 
cally selected and narrow - banded ( less than 30 nm FWHM ) , circuit which is arranged on a die 32 . The logic controlling 
selected wavelengths , such as 4 different wavelengths or the functions of the electronic circuit module 20 may 
even only 2 different wavelengths . implemented in an Application - Specific Integrated Circuit 

The light detectors 24 in the pattern may be arranged in ( ASIC ) on the die 32 . Alternatively , the logic may be 
a rectangular portion of the light sensitive area 22 in order 40 implemented as another type of integrated circuit , such as a 
to have a compact arrangement of the pattern on the light Field - Programmable Gate Array ( FPGA ) on the die 32 . 
sensitive area 22 . This may allow the light detectors 24 The light sensitive area 22 and the control circuitry 30 for 
within the pattern to receive light from a common portion of controlling the light sensitive area 22 may be formed as any 
the object 12 . type of light - detecting circuitry . For instance , a charge 

The spectrometer module 10 may further comprise a 45 coupled device ( CCD ) image sensor or a complementary 
rejection filter 28 . The rejection filter 28 may be arranged to metal - oxide - semiconductor ( CMOS ) image sensor may be 
only allow wavelengths of light within a specific wavelength used . The light - detecting circuitry may be adapted to a range 
interval to pass through the rejection filter 28 . This wave of wavelengths to be detected by the light detectors 24 . For 
length interval will be matched to the wavelengths of the instance , the light detectors 24 may use InGaAs , MCT or 
wavelength bands sensed by the light detectors 24 . The 50 other IR - sensitive sensor types , for detection of infrared 
rejection filter 28 may thus be arranged to filter out wave - light . Further , the light detectors 24 may be pixels of an 
lengths that may otherwise interfere with the detection of image sensor . 
selected wavelengths in the light detectors 24 . The electronic circuit modules 20 may be manufactured 

For instance , a filter 26 having a Fabry - Perot structure by means of forming the necessary circuitry on a semicon 
will pass several orders of wavelengths . Thus , if the light 55 ductor wafer . The filters 26 may be formed on the light 
detector 24 is supposed to detect a wavelength of 400 nm , sensitive area 22 through depositing of necessary layers on 
light having a wavelength of 800 nm may interfere with the the wafer . 
detection . Further , a plurality of filters 26 of the electronic Different rejection filters 28 may also be formed on top of 
circuit module 20 may provide wavelength - selective filters respective light detectors 24 to provide specially adapted 
of a wavelength interval within a sensitivity range of the 60 rejection filters 28 on top of each light detector . The rejection 
light detectors 24 . Thus , even if a filter 26 within the filters 28 may then be provided as coating layers having 
plurality of filters 26 filters a specific wavelength in the appropriate characteristics for only passing wavelengths of 
wavelength interval , the filter may still pass light having within a selected interval . 
wavelengths outside the wavelength interval but within the As an alternative , the rejection filter 28 may be integrated 
sensitivity range of the light detectors 24 . Thus , the rejection 65 on a glass substrate . The glass substrate may be provided 
filter 28 may pass only light within the wavelength interval with a coating for passing only wavelengths within the 
in which the plurality of filters 26 operate . selected interval . 
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The spectrometer module 10 may comprise a plurality of For instance , a first electronic circuit module 20a may be 
separate electronic circuit modules 20 . The separate elec arranged to detect light within a wavelength interval of 
tronic circuit modules 20 may each be formed on a separate 200 - 400 nm , a second electronic circuit module 20b may be 
die 32 . arranged to detect light within a wavelength interval of 

The dies 32 may be mounted close to each other in the 5 400 - 600 nm , a third electronic circuit module 20c may be 
spectrometer module 10 . For instance , a spatial gap between arranged to detect light within a wavelength interval of 
adjacent dies 32 may be smaller than 500 um , or even 600 - 800 nm , and a fourth electronic circuit module 20d may 
smaller than 100 um . The placement of dies 32 close to each be arranged to detect light within a wavelength interval of 
other facilitates that an optical module 40 , which is common 800 - 1000 nm . Within each of these wavelength intervals , the 
to the plurality of electronic circuit modules 20 may be used . 10 light detectors 24 of the electronic circuit modules 20a - d 
The common optical module 40 may thus direct light from may be arranged to detect incident light of specific wave 
the object 12 towards the light sensitive areas 22 of all of the lengths . It should be noted that these wavelength intervals 
plurality of electronic circuit modules 20 . merely are intended to serve as examples and that other 

Each of the electronic circuit modules 20 may comprise 16 wavelength intervals are equally possible . Furthermore , it is 
an integrated sensor circuit including a light sensitive area even possible that some wavelength intervals overlap par 
22 that occupies part of an area of the integrated sensor tially or completely . 
circuit . Further , the plurality of separate electronic circuit The electronic circuit modules 20a - d may be configured 
modules 20 may include a group of adjacent electronic in accordance with a wavelength interval that is to be 
circuit modules 20 mounted in the spectrometer module 10 20 detected by the light detectors 24 . Thus , the spectrometer 
and the light sensitive areas 22 of the electronic circuit module 10 may for instance comprise an electronic circuit 
modules 20 in the group are so arranged on the respective module 20b comprising a CMOS image sensor adapted to 
integrated sensor circuits that the group of adjacent elec - detect visible light and an electronic circuit module 20d 
tronic circuit modules 20 is mounted so that the light comprising an InGaAs or chip for detecting infrared light . 
sensitive areas 22 of the adjacent electronic circuit modules 25 By allowing manufacture of the electronic circuit modules 
20 are arranged in vicinity of each other . 20a - d to be performed separately , manufacture of a spec 
As illustrated in FIG . 2 , the light sensitive area 22 may be trometer module 10 spanning a broad wavelength range is 

arranged at an edge portion 34 of the integrated sensor facilitated . 
circuit . The light sensitive area 22 may be arranged in a corner of 

Hence , by arranging the light sensitive area 22 in a 30 the electronic circuit module 20 . This allows mounting of 
particular area of the integrated sensor circuit and specifi - four electronic circuit modules 20 in a 2x2 arrangement , 
cally at the edge portion 34 , it is possible to mount adjacent wherein the light sensitive areas 22 are arranged in the 
electronic circuit modules 20 in such a relationship that the vicinity of each other at a center of the arrangement . 
light sensitive areas 22 become closely arranged in the The light sensitive area 22 may be arranged along a side 
spectrometer module 10 . This arrangement further facilitates 35 of the electronic circuit module 20 . This allows mounting of 
having an optical module 40 that is common to the plurality two electronic circuit modules 20 in a side - by - side arrange 
of separate electronic circuit modules 20 . ment with the light sensitive areas 22 along the side closest 

According to an alternative , the group of adjacent elec - to the adjacent electronic circuit module 20 . 
tronic circuit modules 20 are mounted in a three - dimen - It should be realized that other mounting arrangements of 
sional stack . Thus , depending on where an electronic circuit 40 the electronic circuit modules 20 may be contemplated . For 
module 20 is arranged in the stack , the light sensitive areas instance , three electronic circuit modules 20 may be 
22 may be arranged at a portion of the respective integrated mounted in a triangular arrangement with the light sensitive 
circuit such that the light sensitive areas 22 of adjacent area 22 of one electronic circuit module 20 being arranged 
electronic circuit modules 20 in the stack are arranged close along a bottom side of the electronic circuit module 20 and 
to each other . 45 the light sensitive areas 22 of the two other electronic circuit 

The plurality of electronic circuit modules 20 may be modules 20 being arranged along a top side of the electronic 
arranged to detect incident light of different wavelengths . By circuit module 20 . 
having separate electronic circuit modules 20 , for example The plurality of electronic circuit modules 20 may be 
formed on separate dies 32 , manufacture of each electronic mounted on a common substrate . For instance , the electronic 
circuit module 20 may be adapted to the specific require - 50 circuit modules 20 may be mounted on a common PCB or 
ments associated with the wavelengths of light to be a common chip , on which the spectral data recorded from 
detected by each respective electronic circuit module 20 . each of the electronic circuit modules 20 may be combined . 

Each of the electronic circuit modules 20 may be arranged The plurality of electronic circuit modules 20 may be 
to detect incident light of a single wavelength , possibly mounted in a common plane . The light sensitive areas 22 
using a plurality of light detectors 24 . The spectrometer 55 may thus be arranged in a common sensor plane , which may 
module 10 may still be arranged to detect a plurality of be a focal plane of the optical module 40 that is common to 
wavelengths allowing at least some specially adapted analy - the plurality of electronic circuit modules 20 . 
ses to be made of objects 12 based on the recorded spectral The spectrometer module 10 may be arranged to detect a 
data . number of unique selected wavelengths , which may be 
However , advantageously , each electronic circuit module 60 selected in order to enable specific analysis of the spectral 

20 may comprise a plurality of light detectors 24 , which are data . For instance , the wavelengths may be selected in such 
arranged to detect incident light of different wavelengths . a way as to enable analysis or simple detection of a specific 
The light detectors 24 together may detect light within a substance , anomaly or quality parameter . The number of 
wavelength interval . The plurality of electronic circuit mod unique selected wavelengths may be very few , such as only 
ule 20 may then be arranged to detect light within different 65 two , three or four wavelengths . However , a larger number of 
wavelength intervals . These wavelength intervals may ( par - unique selected wavelengths may be used , such as 10 , 20 or 
tially ) overlap . even 100 wavelengths . 
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Each of the separate electronic circuit modules 20 may be correction data that may be necessary for correcting 
arranged to detect light of a single wavelength or a few recorded spectral data . This predetermined correction data 
wavelengths . A plurality of light detectors 24 of each elec may then be stored in the memory 50 before the spectrom 
tronic circuit module 20 may thus be used for providing a eter module 10 is shipped from manufacture . 
processed reading ( for example an average , weighted aver - 5 The optical module 40 may be arranged in front of the one 
age , median or other ) of detected light of the specific or more electronic circuit modules 20 for allowing light to 
wavelength ( s ) detected by the electronic circuit module 20 , pass into the spectrometer module 10 towards the light 
for example over a region of the object 12 , or for relating the sensitive area ( s ) 22 of the one or more electronic circuit 
spectral data to different points on the object 12 . modules 20 . 
One example of using the spectrometer module 10 is 10 In its simplest form , the optical module 40 may comprise 

within ( pulse ) oximetry or oxygenation monitoring , wherein an aperture , defining an entrance hole for receiving light into 
a saturation of blood is related to a ratio or combinatorial the spectrometer module 10 . The optical module 40 may in 
processing of spectral intensities measured . Thus , by mea - one variation form an optical window , an aperture or a 
suring light of the specific wavelengths appropriate for pinhole , wherein the light sensitive area ( s ) 22 form an image 
performing pulse oximetry , a saturation of blood may be 15 plane receiving light from the object 12 . 
determined . However , the optical module 40 may comprise one or 

Alternatively , this approach can be used for food ( meat , more lenses and / or lens systems , apertures , baffles , field 
fish ) quality / freshness detection or even for vegetable fresh - stops , pinholes and / or pinhole arrays for controlling how 
ness ( chlorophyll measurement instead of oxygenation ) . light from an object 12 passes through the optical module 40 

The spectrometer module 10 may further comprise a 20 and is directed towards the light sensitive area ( s ) 22 . 
memory 50 . The memory 50 may be arranged as part of the The optical module 40 may be arranged to control that 
electronic circuit module 20 or as part of one of the light from a restricted part of the object 12 is directed to the 
electronic circuit modules 20 if a plurality of electronic light sensitive area ( s ) 22 . Thus , an isolation of a spatial area 
circuit modules 20 are used . Alternatively , the memory 50 that is analyzed by the spectrometer module 10 may be 
may be arranged for example on a PCB or a chip , to which 25 achieved by means of the optical module 40 . 
the electronic circuit module ( s ) 20 may also be connected , The optical module 40 may be arranged to control that 
or in a three - dimensional stack of dies . different parts of the light sensitive area ( s ) 22 receive light 

The memory 50 may store predetermined correction data . from a common part of the object 12 . Thus , the recorded 
The correction data may be used for correcting the spectral spectral data may correspond to the same spatial area , such 
data recorded by the electronic circuit module 20 . 30 that the detected incident light of different wavelengths 

The predetermined correction data may be used for cor - originate from a common part of the object 12 . This implies 
recting variations arising during manufacture of the spec that the optical module 40 may achieve homogenization of 
trometer module 10 . For instance , the filters 26 may not be the part of the object 12 that is analyzed by different parts of 
perfectly formed and / or perfectly aligned with the light the light sensitive area ( s ) 22 . 
detectors 24 . This implies that the light detectors 24 may 35 Further , the wavelength selected by a filter 26 may depend 
detect light of a different wavelength than intended . The on an angle of incidence of light onto the filter 26 . Thus , in 
predetermined correction data may thus store a predeter - order for the desired selected wavelength to be passed 
mined characteristic that allows correcting the wavelength through the filter 26 , the optical module 40 may control light 
detected by each light detector 24 . to incident onto the filter 26 substantially perpendicularly to 

The predetermined correction data may also or alterna - 40 a filter surface , or according to another desired angle . This 
tively be used for calibrating the recorded spectral data to implies that the optical module 40 may control angularity of 
sensitivities of the respective light detectors 24 or efficiency light incident onto the light sensitive area ( s ) 22 or filters on 
of the filter 26 on top of respective light detectors 24 . Thus , top of the light sensitive area ( s ) 22 . 
the predetermined correction data may include a transmis The optical module 40 may have a static set - up which is 
sion efficiency of the light detectors 24 for correlating the 45 adapted to the spectrometer module 10 recording spectral 
detected light to the light that is actually incident on the filter data in specific conditions . For instance , the spectrometer 
26 . module 10 may be arranged to record spectral data of an 

The correcting of the recorded spectral data will be further object 12 that is to be placed at a specific distance from the 
described below . spectrometer module 10 . Then , a static set - up of the optical 

The memory 50 may also store other information that is 50 module 40 may optimize recording of spectral data at this 
relevant to the spectrometer module 10 . The memory 50 specific distance . The static set - up may for instance provide 
may store metadata which should be output together with the an object 12 at the specific distance to be focused onto a 
recorded spectral data . Such metadata may be an identifier focal plane of the optical module 40 , and the light sensitive 
of the spectrometer module 10 , which may be a unique area ( s ) 22 may be placed in the focal plane . 
number for uniquely identifying the spectrometer module 10 55 The optical module 40 may comprise one or more com 
that has recorded the spectral data . ponents that may be actively controlled . For instance , an 

The memory 50 may also store programs , which may be active lens may be controlled for changing focus of the 
launched into a processing unit of the spectrometer module optical module 40 or an aperture size may be controlled for 
10 on start - up of the spectrometer module 10 for controlling changing a sampled area at a given distance from the 
functionality of the spectrometer module 10 . 60 spectrometer module 10 . The optical module 40 may thus be 

The memory 50 may be a non - volatile memory , such as dynamically controlled in order to adapt to conditions at 
a read - only memory ( ROM ) , an electrically erasable pro - which spectral data is to be recorded . 
grammable read - only memory ( EEPROM ) , or a flash The optical module 40 may be arranged to be adapted to 
memory . The memory 50 may be arranged to not lose data a set of finite number of conditions for recording spectral 
even if the spectrometer module 10 is turned off . 65 data . Thus , the optical module 40 may be controlled to 

During manufacture of the spectrometer module 10 , the switch characteristics , such as focus of the optical module 
spectrometer module 10 may be tested in order to obtain 40 , to optimize recording of spectral data in specific condi 
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tions within the finite number of conditions . For instance , nation of speed of a moving object 12 or determination of 
the optical module 40 may switch between a set - up for whether a compound is present in the object 12 . 
contact measurement , where the spectrometer module 10 is The spectrometer module 10 may comprise a plurality of 
in contact or very close proximity to the object 12 , a set - up illumination sources 60 . Thus , the spectral profile of the 
for short - distance measurement , where the spectrometer 5 illumination to be provided may be controlled , for example 
module 10 is at a short distance , for example 10 cm , from the by selecting which of a plurality of illumination sources 60 
object 12 , and a set - up for long - distance measurement , to be used . Also , the plurality of illumination sources 60 may 
where the spectrometer module 10 is at a longer distance , for together create a desired spectral profile of illumination . 
example 5 m , from the object 12 . The memory 50 may be provided with information defin 

The optical module 40 may comprise specific coatings or ing the spectral profile of the illumination source 60 . Further , 
materials to avoid reflections within the optical module 40 . the memory 50 may be provided with information defining 
The optical module 40 may for example comprise anti - the spectral profile of each of a plurality of illumination 
reflection coatings on components , such as lenses . The sources 60 , such that when a specific illumination source 60 
optical module 40 may also comprise one or more rejection 15 of the plurality of illumination sources 60 is selected , the 
filters for preventing light of undesired wavelengths to pass spectral profile of the selected illumination source 60 may be 
through the optical module 40 . retrieved from the memory 50 . 

As mentioned above , the optical module 40 may be The spectrometer module 10 may further comprise a 
common to light sensitive areas 22 of a plurality of elec - supplementary sensor 62 . The supplementary sensor 62 may 
tronic circuit modules 20 . This implies that the optical 20 be arranged to receive light from the illumination source 60 
module 40 may define a single optical pathway through the in order to detect a spectral profile that is provided by the 
optical module 40 towards the light sensitive areas 22 . For illumination source 60 . 
instance , an entrance aperture of the optical module 40 may The spectral profile and intensity of the illumination 
be common to the light sensitive areas 22 for allowing light source 60 may for example depend on ambient temperature , 
from the object 12 to enter the optical module 40 and to 25 age of the illumination source 60 , or whether manufacturing 
passed to the light sensitive areas 22 . of the illumination source 60 is able to meet an ideal profile . 

With reference to FIG . 3 , the spectrometer module 10 may Thanks to using the supplementary sensor 62 , the actual 
comprise an illumination source 60 . The illumination source spectral profile provided by the illumination source 60 may 
60 may provide illumination of the object 12 with a desired be detected and used in analysis of the recorded spectral 
spectral profile , which may improve possibilities to analyze 30 data . 
the spectral data recorded . Also , the supplementary sensor 62 may detect the spectral 

The spectrometer module 10 need not necessarily com - profile of a selected illumination source 60 from a plurality 
prise an illumination source 60 . In many applications , the of illumination sources 60 , such that the spectral profile used 
spectrometer module 10 may record spectral data based on in illuminating the object 12 through controlling of which of 
an object that is illuminated by ambient light . Also , the 35 the plurality of illumination sources 60 may be detected . 
illumination source 60 may not be arranged in the spectrom - The supplementary sensor 62 may be mounted within the 
eter module 10 , but the spectrometer module 10 and the spectrometer module 10 such that light from the illumination 
illumination source 60 may be arranged in a common user source 60 propagates within the spectrometer module 10 to 
device 100 . the supplementary sensor 62 . Thus , the light emitted by the 
However , when the spectrometer module 10 comprises 40 illumination source 60 is not affected by an ambience of the 

the illumination source 60 , a controlled relation between the spectrometer module 10 before reaching the supplementary 
illumination source 60 and the light sensitive area ( s ) 22 may sensor 62 . This ensures that the detected spectral profile by 
be obtained . The light sensitive area 22 may be arranged to the supplementary sensor 62 is reliable . 
detect incident light that has interacted with the illuminated The spectrometer module 10 may comprise a reflective 
object 12 . 45 surface 64 , which may reflect light from the illumination 

The illumination source 60 may for instance be an incan - source 60 to the supplementary sensor 62 . This implies that 
descent light , a light emitting diode ( LED ) source or a laser a freedom of placing the supplementary sensor 62 in relation 
source , such as a vertical - cavity surface - emitting laser ( VC - to the illumination source 60 is provided , which facilitates 
SEL ) . The illumination source 60 may illuminate the object design of the spectrometer module 10 . For instance , the 
12 with a specific spectral profile that facilitates analysis of 50 reflective surface 64 allows arranging the supplementary 
the object 12 . The illumination source 60 may be controlled sensor 62 in a common plane with the illumination source 
such that the spectral profile provided by the illumination 60 . 
source 60 may be changed . The spectrometer module 10 may comprise a housing 70 , 

The light from the illumination source 60 may interact in which components of the spectrometer module 10 are 
with the object 12 . Thus , the light may be for example 55 mounted . The housing 70 may provide an outer cover of the 
diffusely or specularly reflected from the object 12 , absorbed spectrometer module 10 , which may protect components 
by the object 12 , transmitted through the object 12 or within the spectrometer module 10 from , for example , dust 
scattered by the object 12 . The recorded spectral data may or any other external factors that may otherwise influence a 
then be analyzed based on , for example , absorbance of functionality of the spectrometer module 10 . 
different wavelengths , which may for instance allow deter - 60 The housing 70 of the spectrometer module 10 may thus 
mination of whether a compound is present in the object 12 . facilitate transport of the spectrometer module 10 as a 

The interaction of light with the object 12 may alterna - self - contained unit , for example from a manufacturing site to 
tively or additionally cause a shift in wavelength of the light , a site where the spectrometer module 10 is to be mounted in 
for example through florescence , Raman scattering or scat a user device 100 . The housing 70 may also provide a 
tering by a moving object 12 . The recorded spectral data 65 defined simple shape of the spectrometer module 10 , for 
may thus also or alternatively be analyzed to identify example a rectangular parallelepiped , which may be simple 
wavelength shifts , which may for instance allow determi - to mount . 
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The housing 70 may also be provided with an outer aperture 76 . Thus , an object 12 in the field of view will be 

physical interface , which may facilitate mounting the spec illuminated by the illumination source 60 . 
trometer module 10 onto a user device 100 . The outer An optical axis of an optical system for recording the 
physical interface may e . g . comprise a flange or a protruding spectral data may also be angled , i . e . non - parallel , in relation 
element so as to provide a surface that may be physically 5 to an optical axis of the illumination cone . This may help to 
connected to a user device 100 . ensure that the illumination cone overlaps the field of view 

The housing 70 may for example be formed of a plastic of the light sensitive area ( s ) 22 . The optical axis of the 
material , which may be easily molded to the desired shape . optical system may be angled in relation to the illumination 
The housing may for instance be formed as a rectangular cone by means of mounting the electronic circuit module ( s ) 

10 20 in a plane , in which the illumination source 60 is not parallelepiped , which may be easily mounted in or on a user mounted , and arranging the optics module 40 in front of the device 100 . plane in which the electronic circuit module ( s ) 20 are The electronic circuit module 20 or the plurality of mounted . However , according to an alternative , the light electronic circuit modules 20 may be mounted in the hous from the object 12 is re - directed towards the electronic 
ing 70 . Also , the illumination source 60 and the supplemen - 15 circuit module ( s ) 20 . for example by means of components 
tary sensor 62 may be mounted in the housing 70 . The of the optics module 40 , such that the electronic circuit 
electronic circuit module ( s ) 20 , the illumination source 60 module ( s ) 20 and the illumination source 60 may be 
and the supplementary sensor 62 may be mounted in a mounted in a common plane . 
common plane , which may enable the housing 70 to have a The first and second apertures 74 , 76 may be adapted to 
simple structure , such as a rectangular parallelepiped . 20 provide illumination of an object 12 when the object 12 is at 

The housing 70 may be provided with a bottom structure , a distance from the spectrometer module 10 at which the 
on which components of the housing 70 may be mounted optical module 40 of the spectrometer module 10 is opti 
For instance , the electronic circuit component ( s ) 20 , the mized for directing light from the object 12 towards the light 
illumination source 60 and the supplementary sensor 62 may sensitive area ( s ) 22 . 
be mounted on the bottom structure , which may be a bottom 25 The optical module 40 may be mounted in the second 
wall of the housing 70 . The electronic circuit module ( s ) 20 , aperture 76 of the housing 70 for directing light from the 
the illumination source 60 and the supplementary sensor 62 object 12 towards the light sensitive area ( s ) 22 . 
may be mounted on a common PCB 80 , which may be The first aperture 74 may be provided with a transparent 
arranged on the bottom wall of the housing 70 . material , such as a transparent plastic or glass , for allowing 

The housing 70 may further comprise side walls . The 30 light to escape the housing 70 , while preventing e . g . dust to 
housing 70 may be provided with the bottom structure and enter the housing 70 . The first aperture 74 may additionally 
side walls before mounting of components , such as the or alternatively be provided with an optical element for 
electronic circuit component ( s ) 20 , the illumination source controlling the shape of the illumination cone emitted via the 
60 and the supplementary sensor 62 in the housing 70 . When first aperture 74 . 
the components have been mounted , a lid may be arranged 35 The housing 70 may be provided with a single aperture , 
on top of the side walls in order to seal the housing 70 . which is shared by the illumination source 60 for passing 

The housing 70 may further comprise a blocking element light from the illumination source 60 towards the object 12 
72 , which is arranged to obstruct light from the illumination and the light sensitive area ( s ) 22 for receiving light from the 
source 60 to propagate within the housing 70 from the object 12 . In this case , it may be particularly important that 
illumination source 60 to the light sensitive area ( s ) 22 . Thus , 40 a part of the aperture through which light is passed from the 
the illumination source 60 may be mounted within the same illumination source 60 towards the object 12 is provided 
housing 70 as the electronic circuit module ( s ) 20 , without with an anti - reflection coating so as to prevent light from 
light from the illumination source 60 interfering with the being reflected in the aperture towards the light sensitive 
light from the object 12 detected by the light sensitive area ( s ) 22 . 
area ( s ) 22 . The blocking element 72 may for instance 45 The spectrometer module 10 may further comprise an 
comprise a partition wall and / or baffles between the illumi - electronic interface . The housing 70 may be provided with 
nation source 60 and the electronic circuit module ( s ) 20 . a plug connection for allowing connecting electronic com 

The reflective surface 64 may be arranged on an inner ponents mounted in the housing 70 to an external unit . 
wall of the housing 70 for reflecting light from the illumi - For instance , the spectrometer module 10 may be pow 
nation source 60 to the supplementary sensor 62 . An inner 50 ered through the electronic interface . Also , the electronic 
wall of the housing 70 may thus be provided at least partly interface may allow communication of information to and 
with a coating , which reflects light . Alternatively , a reflective from components of the spectrometer module 10 . 
surface 64 may be mounted on the inner wall . The electronic interface may comprise a single connection 

The housing 70 may be provided with a first aperture 74 through a wall of the housing 70 . Alternatively , two con 
for allowing light from the illumination source 60 to escape 55 nections may be provided for powering the spectrometer 
the housing 70 in a direction towards the object 12 . The module and communicating with the spectrometer module 
housing 70 may further comprise a second aperture 76 for 10 , respectively . Alternatively , the spectrometer module 
allowing light that has interacted with the object 12 to pass could be fully wireless , using wireless powering ( inductive 
into the housing 70 towards the light sensitive area ( s ) 22 . powering or charging or similar ) and communication . 

The first and second apertures 74 , 76 may face a common 60 A simple electronic interface facilitates connecting the 
direction . For instance , the first and second apertures 74 , 76 spectrometer module 10 to a user device 100 . The spec 
may be arranged in a common side wall of the housing 70 . trometer module 10 may thus be mounted on the user device 

The first and second apertures 74 , 76 may be arranged in 100 by physically connecting the spectrometer module 10 
such manner that an illumination cone formed by light using the physical interface and electrically connecting the 
emitted from the illumination source 60 and escaping the 65 spectrometer module 10 using the electronic interface . 
housing 70 through the first aperture 74 overlaps a field of The spectrometer module 10 may comprise a common 
view of the light sensitive area ( s ) 22 through the second carrier , such as a PCB , on which all electronic components , 
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such as the electronic circuit component ( s ) 20 , the illumi cessing unit 90 may also or alternatively correct or process 
nation source 60 and the supplementary sensor 62 , of the the recorded spectral data in accordance with correction data 
spectrometer module 10 are mounted . stored in the memory 50 . 

The electronic interface may provide a connection to the The processing unit 90 may control the functionality of 
common carrier and communication between an external 5 the spectrometer module 10 , outputting recorded spectral 
unit and the electronic components may be performed via data on a specific electronic interface . Thus , the spectrom 
the common carrier . eter module 10 may be easily embedded in a user device 100 

The spectrometer module 10 may comprise a communi - or integrated into a system , as the spectrometer module 10 
cation unit for wireless communication . In such a case , the may be self - controlled and outputs recorded spectral data or 
electronic interface of the spectrometer module 10 may only 10 at least partly processed data allowing another unit in the 
provide powering of the spectrometer module 10 . However , user device 100 to perform analysis on the recorded spectral 
the spectrometer module 10 may also be arranged to com data . 
municate with external units using both wired and wireless The data package output from the spectrometer module 10 
communication . may include recorded spectral data . Alternatively or addi 
As schematically illustrated in FIGS . 1 and 3 , the spec - 15 tionally , the processing unit 90 may process the recorded 

trometer module 10 may further comprise a processing unit spectral data as further described below . The spectrometer 
90 . The processing unit 90 may be a microprocessor , which module 10 may then output the recorded spectral data with 
may be programmable for controlling operation of the the processed data or , alternatively , only the processed data 
microprocessor . For instance , the processing unit 90 may be may be output . The processing of the recorded spectral data 
a central processing unit ( CPU ) . 20 by the processing unit 90 may constitute initial steps for 

The processing unit 90 may be arranged on a common refining the recorded spectral data or a full analysis of the 
PCB , on which also the electronic circuit component ( s ) 20 , recorded spectral data or something in between . 
the illumination source 60 and the supplementary sensor 62 However , the data package may further include other 
are mounted . The processing unit 90 may thus communicate information , which may be useful , for instance , for analysis 
with the electronic circuit component ( s ) 20 , the illumination 25 of the recorded spectral data . 
source 60 and the supplementary sensor 62 through connec - The other information may constitute metadata relating to 
tions on the common PCB . As an alternative , the processing the recorded spectral data . For instance , the metadata could 
unit 90 , the electronic circuit component ( s ) 20 , the illumi - include an identifier of the spectrometer module 10 that 
nation source 60 and the supplementary sensor 62 may all be recorded the spectral data , as may be stored in the memory 
mounted on a common chip , e . g . forming a system on a chip . 30 50 . 

The processing unit 90 may alternatively be a special . The metadata could also include a date and time at which 
purpose circuitry for providing only specific logical opera - the spectral data was recorded . 
tions . Thus , the processing unit 90 may be provided in the The spectrometer module 10 may further comprise other 
form of an ASIC , ASIP or FPGA . sensors and information captured by such other sensors may 

The processing unit 90 may include a communication unit 35 be included as metadata . For instance , a geographical posi 
for communicating with an external unit . Alternatively , the tion of the spectrometer module 10 when recording the 
communication unit may be a separate unit , which may also spectral data may be included in the data package as 
be mounted on a same PCB or same chip as the processing metadata . 
unit 90 . Information of the spectral profile of the illumination 

The communication unit may be arranged to communi - 40 source 60 as recorded by the supplementary sensor 62 may 
cate with an external unit through a wireless communica - be included in the data package as metadata . 
tion . In such case , the communication unit may comprise an The metadata may further comprise information relevant 
antenna for sending and receiving wireless signals , e . g . by for processing the recorded spectral data . For instance , the 
means of radio frequency electromagnetic radiation . memory 50 may store correction data as described above . 

The communication unit may also or alternatively be 45 This correction data may be included in the data package as 
arranged to communicate through a wired connection , as metadata . 
may be provided by means of the electronic interface If the processing unit 90 is arranged to analyze the 
described above . recorded spectral data , the spectrometer module 10 may 

The processing unit 90 may be arranged to control output output a result of the analysis . For instance , the memory 50 
from the spectrometer module 10 . Thus , the processing unit 50 may store spectral signature information of a target com 
90 may receive recorded spectral data from the electronic pound . The processing unit 90 may thus compare the 
circuit module ( s ) 20 . The processing unit 90 may then recorded spectral data against the stored spectral signature 
arrange the recorded spectral data into a data package , e . g . information to determine whether the object 12 includes the 
with header information , which may be suitable for com - target compound . Then , the spectrometer module 10 may 
munication to an external unit . The data package may be 55 simply output a positive or negative result based on the 
suited for transfer on a computer network , such that the analysis . 
recorded spectral data may be transmitted from the spec The recorded spectral data may be processed for refining 
trometer module 10 , possibly via one or more intermediate the recorded spectral data . The refining of the recorded 
external units to any computer in , for example , a local area spectral data may correct or adjust the recorded spectral data 
network ( LAN ) or connected to Internet . 60 to conditions under which the spectral data is recorded , or in 

The processing unit 90 may process the recorded spectral view of characteristics of the spectrometer module 10 . 
data before outputting data from the spectrometer module If the plurality of light detectors 24 comprises a set of 
10 . This may allow at least partial analysis of the recorded light detectors 24 that detect the same selected wavelength , 
spectral data to be performed in the spectrometer module 10 . which set of light detectors 24 is distributed over the light 
For instance , the processing unit 90 may compare the 65 sensitive area 22 , this may be used for refining the recorded 
recorded spectral data to a stored spectrum to output a spectral data . The different light detectors 24 in the set may 
decision based on the result of the comparison . The pro receive light from slightly different parts of the object 12 . 
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Thus , in order to compensate for an artefact in the object 12 , general deviation from the intended thickness . Thus , the 
a correction algorithm may be applied to the detected light wavelengths detected by the light detectors 24 may all be 
in the light detectors 24 in the set . For instance , an average similarly moved from the intended wavelengths . 
of the detected light in the light detectors 24 in the set may In this regard , the predetermined characteristic may com 
be calculated and used as a measurement of the detected 5 prise only information of the wavelength detected by one 
light of the wavelength to which the set is sensitive . Thus , reference light detector 24 , since the wavelengths detected 
the effect of a local artefact , which may affect the detected by the other light detectors 24 may have a known relation 
light in one or a few of the light detectors 24 in the set may ship to the wavelength detected by the reference light 
be diminished . detector 24 . For instance , the predetermined characteristic 

The recorded spectral data may also or alternatively be 10 may comprise the center wavelength of the wavelength band 
processed using correction data . The correction data may be detected by the light detector 24 , which detects light of a 
stored in the memory 50 of the spectrometer module 10 as wavelength that is at a center of the wavelength interval 
described above , but may alternatively be stored in a detected by the plurality of light detectors 24 . Alternatively , 
memory of an external unit to which the recorded spectral the predetermined characteristic may comprise the center 
data is transmitted . If the external unit receives spectral data 15 wavelength of the light detector 24 , which detects the 
from a plurality of spectrometer modules 10 , the correction smallest wavelength , or the center wavelength of the light 
data may be stored in association with an identifier of the detector 24 , which detects the largest wavelength . As a 
spectrometer module 10 . further alternative , the predetermined characteristic may 

The stored correction data may comprise one or more define the wavelength interval detected by the plurality of 
predetermined characteristics of the electronic circuit mod - 20 light detectors 24 , for example by the predetermined char 
ule ( s ) 20 . acteristic comprising a smallest wavelength and largest 

For instance , the electronic circuit module 20 may not be wavelength of the wavelength interval . 
arranged to determine light of the intended wavelength , for The processing of the recorded spectral data using cor 
example due to a manufacturing process not being perfect . rection data that defines the wavelengths actually detected 
Thus , the stored correction data may comprise a predeter - 25 by the light detectors 24 may include adjusting an index of 
mined characteristic for adjusting the recorded spectral data each detected intensity of light so that the detected intensity 
to the wavelength that is actually detected . is related to the correct wavelength . 

The predetermined characteristic may comprise a center The predetermined characteristics of the stored correction 
wavelength of a wavelength band that is detected by a light data may also or alternatively comprise a transmission loss 
detector 24 . The predetermined characteristic may further 30 that is relevant for a light detector 24 . The predetermined 
comprise center wavelengths for a plurality of light detectors characteristic may comprise the transmission losses for a 
24 or even all light detectors 24 . Thus , the wavelengths plurality of light detectors 24 or for all light detectors 24 . 
detected by the light detectors 24 may be known through the The transmission loss may indicate how an intensity of 
predetermined characteristic . The predetermined character - light of a wavelength as detected by a light detector 24 
istic may also comprise an offset and slope , with regard to 35 relates to the intensity of light that is incident on the light 
nominal design . detector 24 or on a filter 26 associated with the light detector 

The width of the wavelength band that is detected by the 24 . Thus , using the transmission loss , the intensity of 
light detectors 24 may be constant even if the center wave incident light may be determined . 
lengths are not correctly achieved during manufacture of the The processing of the recorded spectral data using cor 
spectrometer module 10 . Thus , storing the center wave - 40 rection data that defines the transmission loss relevant for 
length may be sufficient for knowing the wavelength band the light detectors 24 may include adjusting the detected 
that is detected by the light detector 24 . intensity of light using the transmission loss so that the 
However , the predetermined characteristic may also com - actual intensity of light incident on the light detector 24 or 

prise a width of the wavelength band that is detected by the on the filter 26 is provided . 
light detector 24 , so that the wavelength band is known by 45 The recorded spectral data may also or alternatively be 
the center wavelength and the width of the wavelength band . processed in relation to characteristics of the illumination 
The predetermined characteristic may comprise the widths source 60 . As described above , the supplementary sensor 62 
of the wavelength bands for a plurality of light detectors 24 may detect light from the illumination source 60 . Thus , the 
or even all light detectors 24 . supplementary sensor 62 may provide characteristics of the 

Instead of the center wavelength and the width of the 50 illumination source 60 , such as an intensity of emitted 
wavelength band , the predetermined characteristic may wavelength ( s ) , or a spectral profile of the illumination 
comprise a smallest wavelength and largest wavelength of source 60 . 
the wavelength band that is detected by the light detector 24 . The recorded spectral data may be corrected or processed 

The light detectors 24 may be intended to detect light of in view of the characteristics of the illumination source 60 . 
selected wavelengths . The predetermined characteristic need 55 For instance , detected intensities of light in the recorded 
not necessarily define the wavelength band detected by the spectral data may be adjusted in relation to intensities of 
light detector 24 . Instead , the predetermined characteristic emitted light onto the object 12 to , for example , provide the 
may comprise an indication of the deviation of the actually detected intensity of light as a ratio to the emitted intensity 
detected wavelength band from the intended wavelength of the respective wavelength . The processed spectral data 
band . 60 may thus provide a reflectance of the object 12 that is 

Further , the plurality of light detectors 24 may be arranged corrected in view of the irradiance of the illumination source 
to detect light of different wavelengths within a wavelength 60 . 
interval . The relation between the wavelengths detected by It should be realized that there may be other alternatives 
different light detectors 24 may be constant even if the light of correction or processing of the recorded spectral data in 
detectors 24 are not manufactured to detect exactly the 65 view of characteristics of illumination of the object 12 . 
intended wavelengths . For instance , the thickness of cavities According to one alternative , the illumination may be con 
in Fabry - Perot structures may be manufactured with a stant and fixed , and a spectral profile of the illumination may 
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thus be stored in the memory 50 . The stored spectral profile tions . Thus , the spectrometer module 10 may comprise an 
may thus be used for correcting the recorded spectral data . integrated circuit that is specifically adapted to perform the 
According to another alternative , a spectral response from a predetermined operations . For instance , adjusting the 
specific object 12 , such as a plant , may be well - known , such recorded spectral data using the stored correction data may 
that an identification may be done that the recorded spectral 5 always use the same operations . Thus , the spectrometer 
data relates to the specific object and , depending on a shape module 10 may comprise a processing unit 90 in the form of 
of the recorded spectral data , a spectral profile of the an ASIC that performs the specific operation for adjusting 
illumination may be estimated . The recorded spectral data the recorded spectral data . 
may thus be corrected based on the estimated spectral profile The processing unit 90 may be arranged as a combination 
of illumination . 10 module , for example an ASIC , which receives the recorded 

The recorded spectral data may further be processed in spectral data and corrects wavelength information of the 
order to analyze the recorded spectral data . For instance , recorded spectral data using the stored correction data . The 
analysis of the object 12 may be made based on the recorded combination module may also or alternatively adjust a 
spectral data . The processing of the recorded spectral data to detected intensity in the recorded spectral data using a stored 
perform analysis may be based on the recorded spectral data 15 transmission loss . 
as received from the electronic circuit module ( s ) 20 or on The combination module may be provided on a chip of the 
refined data as may be provided through one or more of the spectrometer module 10 , on which components , such as the 
processing steps described above . electronic circuit module ( s ) 20 , the illumination source 60 

Analysis of the recorded spectral data may be made in and the supplementary sensor 62 , of the spectrometer mod 
numerous different ways at different levels of complexity . 20 ule 10 are mounted . Thus , the spectrometer module 10 may 

The recorded spectral data may be compared to a target be a very compact unit , providing on a single chip a 
spectral signature . Thus , the recorded spectral data may be possibility of recording spectral data and outputting refined 
matched against the target spectral signature in order to data . 
determine whether the recorded spectral data corresponds to The spectrometer module 10 may be mounted on a user 
the target spectral signature . If there is a correspondence , a 25 device 100 , which may also include further components . A 
conclusion may be drawn that , for example , a target com - schematic illustration of a user device 100 is provided in 
pound is present in the object 12 . FIG . 4 . Thus , the user device 100 may include other sensors 

According to another alternative , the target spectral sig - 110 , a processing unit 120 , which may control the sensors 
nature may be related to a specific state of the object . For 110 and process data recorded by the sensors 110 , etc . 
instance , for pulse oximetry , the target spectral signature 30 The user device 100 may generally be any type of device 
may be related to a threshold , providing a satisfactory that may communicate with the spectrometer module and 
saturation of blood . Hence , the recorded spectral data may may comprise processing capability for processing spectral 
be compared to the target spectral signature in order to data recorded by the spectrometer module 10 . Thus , the user 
determine whether saturation is satisfactory or not . device 100 may for instance be a portable user device , such 

According to another alternative , recorded spectral data 35 as a mobile phone , a digital camera , a laptop , a tablet PC , or 
may be stored in the memory 50 . Later recorded spectral a wearable user device , e . g . a smart watch . The user device 
data may then be processed based on the stored spectral data . 100 may alternatively be a dedicated or general sensor unit , 
For instance , the spectrometer module 10 may first be which may provide a plurality of sensors , including the 
directed towards the sun or a lamp to obtain source spectral spectrometer module 10 , for making measurements . Such a 
data , providing information of a light source . Then , object 40 sensor unit may e . g . be used in an industrial application , 
spectral data may be recorded from an object 12 , and the such as for performing measurements relevant to an industry 
object spectral data may be processed using the source process . 
spectral data in the memory 50 . The processing of the recorded spectral data may be 

Processing of the recorded spectral data may be per - performed by the processing unit 120 of the user device 100 . 
formed in the processing unit 90 . The spectrometer module 45 The user device 100 may also comprise a memory 130 , 
10 may thus be arranged to output refined data or even result external to the spectrometer module 10 , which may store 
of analysis performed . correction data or other data that may be useful in the 

The processing of the recorded spectral data may alter - processing of the recorded spectral data . In such case , the 
natively be performed in an external unit , which receives the spectrometer module 10 need not necessarily comprise the 
recorded spectral data from the spectrometer module 10 . The 50 memory 50 . 
processing may for instance be performed in a user device The memory 130 of the user device 100 may be provided 
100 , on which the spectrometer module 10 is mounted . The with correction data upon mounting of the spectrometer 
processing may alternatively be performed by an external module 10 on the user device 100 . Thus , the processing unit 
computer unit 200 , which receives the recorded spectral data 120 may have access to correction data for processing the 
via a computer network 210 . 55 recorded spectral data . 

It should also be realized that the processing of the The recorded spectral data may be transmitted to an 
recorded spectral data may be partly performed by several external computer unit 200 , for example over a computer 
different units , such as the processing unit 90 , a processing network 210 . The spectrometer module 10 may comprise a 
unit 120 of the user device 100 and / or an external computer computer network interface for transmitting the recorded 
unit 200 in a computer network 210 . 60 spectral data over the computer network . However , the 

The spectrometer module 10 may output the recorded spectrometer module 10 may output the recorded spectral 
spectral data or refined data together with information that data to an intermediated device , such as the user device 100 , 
may be used for performing further processing of the which may comprise a computer network interface for 
recorded spectral data , such as the correction data or an transmitting the recorded spectral data to the external com 
identifier of the spectrometer module 10 . 65 puter unit 200 . 

Processing of the recorded spectral data using information The recorded spectral data may be transmitted to the 
stored in the memory 50 may include predetermined opera external computer unit 200 together with the identifier of the 

wocess 
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spectrometer module 10 . The external computer unit 200 wherein a digital image may be acquired and recorded as 
may store data relevant for processing the recorded spectral image data according to conventional methods . A recorded 
data , such as correction data , in association with the iden - image may be stored in a data file in an appropriate image 
tifier of the spectrometer module 10 . Thus , the external format in the memory 130 and / or on a removable media such 
computer unit 200 may be arranged to receive recorded 5 as a non - volatile memory card inserted in a card slot of the 
spectral data from a number of spectrometer modules 10 and user device 100 . 
may be able to retrieve the relevant data , unique to each The user device 100 may further comprise a display 160 
spectrometer module 10 , for processing the recorded spec providing a user interface . The display 160 may for example 
tral data . be of an LCD - or a LED - type or some other commercially 

The spectrometer module 10 may be embedded in a user 10 available technology type . 
device 100 . The spectrometer module 10 may be a self - The user device 100 may further comprise an input device 
contained unit , which is able to output recorded spectral data allowing the user to interact with the user interface of the 
and / or refined data to the user device 100 . The housing 70 user device 100 . The input device may as is well - known in 
of the spectrometer module 10 may thus be mechanically the art include one or more buttons and / or a touch screen 
mounted on the user device 100 , and the spectrometer 15 overlaying the display 160 . 
module 10 may further be electrically connected to compo - The spectrometer module 10 may be a stand - alone device . 
nents on the user device 100 for , for example , providing The spectrometer module 10 may include a network inter 
power to the spectrometer module 10 and / or providing face for communicating with external units , for example by 
communication between the spectrometer module 10 and the wireless communication . 
user device 100 . 20 The spectrometer module 10 may be arranged on a carrier 

The spectrometer module 10 need not necessarily com - allowing the spectrometer module 10 to be placed or 
prise all components described above . The user device 100 mounted in a position where recording of spectral data is 
may provide some or all functionalities of one or more desired . For instance , the spectrometer module 10 may be 
components described above . placed in an industrial environment , for example , for moni 

The user device 100 may comprise a memory 130 , which 25 toring progress of an industrial process , such as a manufac 
stores correction data that may be used in processing of the turing process . 
recorded spectral data . The memory 130 may also or alter - The spectrometer module 10 may thus be arranged to 
natively store other information that may be useful in output recorded spectral data , refined data and / or results of 
processing of the recorded spectral data , such as a target initial analysis of the recorded spectral data . The output may 
spectral signature . 30 be received by an external unit which may further process 

The user device 100 may comprise a processing unit 120 . the received data . 
The processing unit 120 may be a programmable general A system of spectrometer modules 10 , which may be 
purpose processor , such as a CPU . The processing unit 120 stand - alone devices or embedded in user devices 100 , may 
may thus be programmed for processing the recorded spec - be provided . Each spectrometer module 10 in the system 
tral data . A computer program may be stored in the memory 35 may be arranged to record spectral data . 
130 and may be loaded to the processing unit 120 for For instance , the spectrometer modules 10 may be 
causing the processing unit 120 to perform desired process - arranged to monitor different parts of an environment . Thus , 
ing of the recorded spectral data . the spectrometer modules 10 may be arranged to monitor 

The user device 100 may also or alternatively comprises different stages of an industrial process or may be arranged 
an illumination source , which may provide illumination of 40 to record spectral data from adjacent areas . 
the object 12 . Further , the user device 100 may comprise a The recorded spectral data from a plurality of spectrom 
supplementary sensor for detecting a spectral profile that is eter modules 10 may be used in combination in several 
provided by the illumination source of the user device 100 . different manners . 

The user device 100 may provide other functionalities . The plurality of spectrometer modules 10 may monitor 
which may use or complement recording of spectral data by 45 each stage of an industrial process in order to allow provid 
the spectrometer module 10 . For instance , the user device ing an alert as soon as a deviation occurs at any stage in the 
100 may be a mobile phone , any wearable device , such as a process . 
watch , bracelet or spectacles , or any other type of computing The plurality of spectrometer modules 10 may record 
device , such as a personal computer , a laptop or a tablet spectral data from massively parallel objects to create a large 
computer . The user device 100 may alternatively be a device 50 database with information of objects over time . 
which is designed for the purpose of recording spectral data The plurality of spectrometer modules 10 may record 
incorporating the spectrometer module 10 . Thus , the user spectral data from a common object , for example from 
device 100 may be a sensor unit , for example intended for different parts of the object 12 . Then , the recorded spectral 
use in an industrial application , which may combine the data may be combined , for instance by averaging , in order 
spectrometer module 10 with other sensors , a user interface 55 to improve data quality or robustness of measurements . 
for allowing a user to interact with the sensor unit and / or a Also , the plurality of recorded spectral data may be used to 
network interface for communicating with external units . remove outliers , which may be recorded from an irrelevant 

The user device 100 may be a portable user device 100 . part of the object 12 or from an artefact in the object 12 . 
The user device 100 may comprise a camera 150 adapted to The plurality of spectrometer modules 10 in a system may 
acquire images . The camera may include a lens arrangement 60 transmit recorded spectral data to a common external unit 
defining the field of view of the camera 150 . The lens 200 , which may perform analysis based on the received data . 
arrangement may have a fixed focal length ( i . e . “ a prime As an alternative , one of the spectrometer modules 10 in the 
lens ” ) or a variable focal length ( i . e . “ a zoom lens ” ) . The system may receive recorded spectral data from the other 
lens arrangement may be a fixed - focus lens arrangement , a spectrometer modules 10 . 
manual focus lens arrangement or an autofocus lens arrange - 65 As described above a user device , such as the user device 
ment . The lens arrangement may collect incident light onto 100 illustrated in FIG . 4 , may comprise a spectrometer 
a digital image sensor such as a CCD or CMOS sensor module , such as the spectrometer module 10 , which is 
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adapted to acquire spectral information from a region within of data representing the spectral output of the illumination 
the scenery which falls within a field of view of the source and the spectral data recorded by the spectrometer 
spectrometer module . As described in the above , the spec module 10 . 
trometer module 10 may be embedded in the user device The recorded spectral data may accordingly be processed 
100 , or the spectrometer module 10 may be mounted exter - 5 for refining the recorded spectral data . The refining of the 
nally onto the user device 100 . recorded spectral data may correct or adjust the recorded 

The user device 100 further includes a display , such as the spectral data in view of the spectral output of the display 
display 160 . The display 160 has a controllable spectral 160 . As described in detail above the recorded spectral data 
output . In particular the spectral output may be controllable may additionally be corrected or adjusted in view of con 
in terms of at least one of an intensity ( for example by 10 ditions under which the spectral data is recorded , or in view 
controlling the brightness of the display 160 ) and a spectral of characteristics of the spectrometer module 10 . 
content ( for example by controlling a color displayed on the Thus , display data provided by the processing unit 120 for 
display 160 ) . the purpose of controlling the spectral output of the display 

A processing unit 120 of the user device 100 is adapted to 160 may provide information on the spectral output of the 
control the spectral output of the display by outputting 15 display 160 , such as an intensity of emitted wavelength ( s ) . 
display data to the display 160 . The display data may The recorded spectral data may be corrected or processed 
accordingly control the display 160 to display an image of in view of the information on the spectral output of the 
a color and / or at a brightness level such that light having the display 160 . For instance , detected intensities of light in the 
desired spectral content is emitted from the display 160 . For recorded spectral data may be adjusted in relation to inten 
instance , the processing unit 120 may control the display 20 sities of emitted light onto the object 12 to , for example , 
160 to display a single - color image or an image including provide the detected intensity of light as a percentage of the 
two or more colors chosen such that light of a desired emitted intensity . 
spectral content is emitted by the display 160 . The spectral As an alternative to actually refining the recorded spectral 
output may be a predetermined spectral output or user - data , the processing unit 120 may be adapted to output 
selectable . 25 spectral data received from the spectrometer model 10 along 

The light emitted by the display 160 may provide illumi - with data representing the spectral output of the illumination 
nation of a region including a target of the spectrometer source . The spectral data may then be refined during post 
module 10 , such as the object 12 , with a desired spectral processing in a manner similar to what was described above 
profile . To improve the ability of the display 160 to illumi in relation to the processing unit 120 . 
nate a target of a spectrometer module 10 , the spectrometer 30 In various user scenarios of a spectrometer module , such 
module 10 may be embedded in , or mounted externally onto as the spectrometer module 10 , it may be advantageous to 
the user device 100 , in such a manner that the spectrometer facilitate acquisition of spectral data from an intended region 
module 10 is directed in a same direction as the display 160 . within a scenery , such as the object 12 . Accordingly , a user 
For instance the spectrometer module 10 may be arranged device , such as the user device 100 illustrated in FIG . 4 , may 
on a same side of the user device 100 as the display 160 . 35 be arranged to provide assistance for a user in targeting the 

The processing unit 120 may further be adapted to receive spectrometer module 10 , i . e . directing the spectrometer 
spectral data from the spectrometer module 10 which rep - module 10 towards a target . As described in the above , a 
resents the detected incident light from the target 12 . spectrometer module 10 may be embedded in a user device 

Accordingly , a controlled relation between the spectral 100 , or a spectrometer module 10 may be mounted exter 
output of the display 160 and light sensitive area ( s ) 22 of the 40 nally onto the user device 100 . 
spectrometer module 10 may be obtained . The light sensitive The user device 100 includes a camera 150 which is 
area 22 may be arranged to detect incident light that has adapted to acquire at least one image of a scenery which falls 
interacted with the illuminated object 12 . within a field of view of the camera 150 . 

The light from the display 160 may interact with the The spectrometer module 10 of the user device 100 is 
object 12 . Thus , the light may be for example diffusely or 45 adapted to acquire spectral information from a region within 
specularly reflected from the object 12 , absorbed by the the scenery which falls within a field of view of the 
object 12 , transmitted through the object 12 or scattered by spectrometer module 150 . 
the object 12 . The spectrometer module 10 may detect light For the purpose of providing targeting assistance , a pro 
received from the object 12 . The spectrometer module 10 cessing unit 120 of the user device 100 is adapted to 
may acquire spectral information about the received light 50 determine a target area of the spectrometer module 10 , 
and record the acquired spectral information as spectral data , within said at least one image , corresponding to the region 
for instance in the memory 50 of the spectrometer module which falls within the field of view of the spectrometer 
10 . The recorded spectral data may then be analyzed based module 10 , and to output display data to a display 160 of the 
on e . g . absorbance of different wavelengths , which may for user device 100 for providing an indication of the target area 
instance allow determination of whether a compound is 55 on the display 160 . The determined target area may be 
present in the object 12 . defined as an area of the at least one image which maps or 

The interaction of light with the object 12 may alterna - depicts the region within the scenery . 
tively or additionally cause a shift in wavelength of the light , The operations of the processing unit 120 may be imple 
for example through florescence , Raman scattering or scat - mented by a computer program which may be stored in a 
tering by a moving object 12 . The recorded spectral data 60 memory 130 of the user device 100 and may be loaded to the 
may thus also or alternatively be analyzed to identify processing unit 120 for causing the processing unit 120 to 
wavelength shifts , which may for instance allow determi - perform the desired operations . 
nation of speed of a moving object 12 or determination of In more detail , upon activation of a measuring / spectrom 
whether a compound is present in the object 12 . etry mode of the user device 100 ( for example , by the user 
By virtue of having access to the display data controlling 65 of the user device 100 activating the mode by interaction via 

the spectral output of the display 160 , the processing unit the input device of the user device 100 ) , the camera 150 may 
120 may output adjusted spectral data corrected on the basis be activated and adapted to initiate acquisition of a sequence 
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of images . The images , which alternatively may be referred and associated with the acquired image . Alternatively the 
to as frames , may be stored in the memory 130 of the user camera 150 may be arranged to output focus data to the 
device 100 or in a dedicated buffer ( such as a FIFO - type processing unit 120 via an internal communications inter 
frame buffer ) . The camera 150 may acquire the images at a face of the user device 100 . 
fixed frame rate , as a non - limiting example 24 - 30 frames per 5 The processing unit 120 may be adapted to compare the 
second . Additionally , upon activation of the measuring focus distance of the camera 150 to the above - mentioned 
mode , the spectrometer module 10 may be adapted to target distance of the spectrometer module 10 and to output 
repeatedly ( i . e . at a given acquisition rate ) acquire spectral user - perceptible information based on a result of the com 
information from the region falling within the field of view parison . 
of the spectrometer module 10 and provide the same to the 10 Advantageously the processing unit 120 may be adapted 
processing unit 120 . to control the camera 150 to focus on a feature in the region 

For each image of the sequence the processing unit 120 which feature is depicted within the target area . Thereby the 
may generate and output display data to the display 160 for relevance of the comparison between the focus distance and 
providing an indication of the target area of the spectrometer the target distance may be ensured since the focus data will 
module 10 on the display 160 . The acquired sequence of 15 represent the distance to the feature in the region . 
images or frames may be displayed as a video stream on the For instance , if the comparison indicates that the focus 
display 160 , thereby providing real - time feedback to the distance of the camera 150 differs from the target distance of 
user of the scenery currently viewed by the camera 150 the spectrometer module 10 the user - perceptible information 
together with the indication of the target area . may indicate that the target of the spectrometer module 10 

The processing unit 120 may generate and output display 20 is not in focus in the acquired image . Additionally or 
data to the display 160 for providing an indication of the alternatively the user - perceptible information may indicate 
target area of the spectrometer module 10 on the display 160 that the target distance of the spectrometer module 10 is 
by means of a graphical representation of the target area greater than the focus distance of the camera 150 ( if the 
within each frame of the video stream . As schematically focus distance of the camera 150 is smaller than the target 
illustrated in FIG . 5 , the graphical representation may 25 distance of the spectrometer module 10 ) or indicate that the 
include a graphical element enclosing the target area 510 , target distance of the spectrometer module 10 is smaller than 
such as a bounding box . The graphical representation may the focus distance of the camera 150 ( if the focus distance 
also include highlighted image pixels within the target area . of the camera 150 is greater than the target distance of the 

The processing device 120 may be adapted to determine spectrometer module 10 ) . The user may accordingly be 
the spectrometer module target area based on information 30 guided to move the user device 10 closer to or further away 
representing a position of the target area in an acquired from the target . When the focus distance matches the target 
image . distance the spectrometer module 10 may acquire spectral 

The information representing a position of the target area information from the target region . The acquisition may be 
in an acquired image may be predetermined information . performed automatically in response to the processing unit 
The information may be determined ( for instance at the 35 120 detecting that the focus distance of the camera 150 
assembly stage of the user device 100 and the spectrometer matches the target distance of the spectrometer module 10 . 
module 10 ) by establishing , for a given distance between the The user - perceptible information may include one or a 
target of the spectrometer module 10 and the spectrometer combination of visible information via the display ( for 
module 10 , the set or area of pixels of an image acquired example , in the form of text or other graphical elements ) , 
with the camera 150 , which maps or depicts the region 40 audible information via a speaker of the user device 100 ( for 
viewed by the spectrometer module 10 . The predetermined example , in the form of a synthesized or recorded voice ) and 
information may hence indicate the set or area of pixels tactile information via a vibratory unit of the user device 100 
which maps or depicts the region viewed by the spectrom - ( for example , wherein a frequency of the vibration is varied 
eter module 10 . The information may be stored in the user depending on the result of the comparison ) . As schemati 
device 100 in a manner allowing the processing device 120 45 cally illustrated in FIG . 5 arrows 520 guiding the user to 
to gain access to the information ( for example , in the move the user device 100 into ( arrow pointing upward ) or 
memory 130 ) . For instance if the target area is indicated by out of the ( arrow pointing downward ) scenery may be 
a graphical element enclosing the target area 510 , such as a shown on the display 160 . 
bounding box , or by highlighted image pixels within the As an alternative to the processing device 120 determin 
target area , the information representing a position of the 50 ing a spectrometer module target area based on predeter 
target area in an acquired image may include the coordinates mined information representing a position of the target area 
of the bounding box or of the pixels to be highlighted in an acquired image , the processing device 120 may be 

In use of the user device 100 and the spectrometer module adapted to determine the spectrometer module target area 
10 ( e . g . in the measuring / spectrometry mode of the user based on information relating the field of view of the 
device 100 ) the processing device 120 may accordingly 55 spectrometer module 10 to the field of view of the camera 
determine the target area by accessing the information and 150 . The information may include the relative orientations 
generate and output display data for indicating the target of the optical axis of the camera 150 and the spectrometer 
area within each acquired image . module 10 , respectively , and the angle of the cone repre 

Said given distance may be referred to as a " measurement senting the field of view of the camera 150 and the field of 
distance ” or “ target distance " and may represent a focus 60 view of the spectrometer module 10 , respectively . The 
distance of the optical module 40 of the spectrometer spectrometer module target area may thus be calculated 
module 10 or an optimum measurement distance of the during use of the user device 100 ( for example in the 
spectrometer module 10 . measuring / spectrometry mode of the user device 100 ) . For 

The processing unit 120 may be adapted to retrieve focus a given distance between the target of the spectrometer 
data indicating a focus distance of the camera 150 during 65 module 10 and the spectrometer module 10 ( e . g . as deter 
acquisition of an image . The focus data may be obtained mined on the basis of focus data from the camera 150 ) the 
from metadata generated by a controller of the camera 150 area of pixels of an image ( i . e . the target area ) , acquired with 
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the camera 150 , which maps or depicts the region viewed by adapted to compare the spectral information acquired by the 
the spectrometer module 10 may thus be determined . spectrometer module 10 to a predetermined target spectrum . 
An alternative manner of providing assistance for a user The processing unit 120 may provide an output signal 

in targeting the spectrometer module 10 , i . e . directing the indicating the degree of correspondence between the 
spectrometer module 10 towards a target , will now be 5 acquired spectral information and the predetermined target 
described wherein , for the purpose of providing targeting spectrum . The output signal may for instance control the 
assistance , the processing unit 120 of the user device 100 is user device 100 to output user - perceptible information indi 
adapted to determine an RGB equivalent corresponding to cating the degree of correspondence to the user of the user 
the spectral information acquired by the spectrometer mod device 100 . The user - perceptible information may include 
ule 10 from the region and to output display data to a display 10 one or a combination of visible information via the display , 
160 of the user device 100 for providing an indication of the audible information via a speaker of the user device 100 and 
RGB equivalent on the display 160 . tactile information via a vibratory unit of the user device 

The processing unit 120 may implement a conversion 100 . 
function taking spectral information acquired by the spec Alternatively , the output signal need not indicate an actual 
trometer module 10 as an input and outputting an RGB 15 degree of correspondence between the acquired spectral 
equivalent corresponding to the spectral information input . information and the predetermined target spectrum but may 

The spectrometer module 10 may be adapted to repeat - merely indicate that a sufficient degree of correspondence 
edly ( i . e . at a given acquisition rate ) acquire spectral infor - has been determined ( i . e . a spectral match ) , for instance in 
mation and provide the same to the processing unit 120 . The response to the processing unit 120 determining that a 
processing unit 120 may be adapted to determine an RGB 20 degree of correspondence exceeding a predetermined 
equivalent corresponding to each acquisition of spectral threshold . 
information by the spectrometer module 10 and repeatedly Visible information provided via the display 160 may for 
output display data to the display 160 for providing an instance be in the form of text indicating the degree of 
indication of an RGB equivalent corresponding to each correspondence ( e . g . as a percentage or ratio ) or that a 
acquisition of spectral information . The user of the user 25 spectral match has been determined ( for example , " Acquired 
device 100 may thereby gain a visual real - time feedback on spectrum matches the predetermined target spectrum ” ) . Vis 
a current target of the spectrometer module 10 and thereby ible information provided via the display may also be in the 
be assisted with targeting of the spectrometer module 10 . form of a graphical representation indicating the degree of 

The user device 100 may include a camera , such as the correspondence ( for example , by a symbol of an intensity or 
camera 150 , which is adapted to acquire a sequence of 30 color which varies in a manner correlated with the degree of 
images of the scenery . The processing unit 120 may be correspondence , such as from low intensity to high intensity 
adapted to output display data to the display 160 for dis - or from a light color to an intense color ) or that a spectral 
playing the sequence of images and an indication of the match has been determined ( for example , by a symbol with 
RGB equivalent within or along with ( for instance adjacent a dashed outline changing to a solid outline when a spectral 
to ) each image . 35 match has been determined , or by a symbol without a fill 

In more detail , upon activation of a measuring / spectrom - color changing to a symbol with a distinct fill color when a 
etry mode of the user device 100 ( for example , by the user spectral match has been determined ) . FIG . 6 illustrates two 
of the user device 100 activating the mode by interaction via different examples of text - based visible information 610 , 
the input device of the user device 100 ) , the camera 150 may 620 provided on the display 160 of the user device 100 . 
be activated and adapted to initiate acquisition of a sequence 40 Audible information provided via a speaker of the user 
of images . The images , which alternatively may be referred device 100 may for instance be in the form of an audible 
to as frames , may be stored in the memory 130 of the user signal indicating the degree of correspondence ( for example , 
device 100 or in a dedicated buffer ( such as a FIFO - type by a synthesized or recorded voice announcing a degree of 
frame buffer ) . The camera 150 may acquire the images at a correspondence as a percentage or ratio , or by a sounding 
fixed frame rate , as a non - limiting example 24 - 30 frames per 45 signal with a frequency which varies in a manner correlated 
second . Additionally , upon activation of the measuring with the degree of correspondence such as between low to 
mode , the spectrometer module 10 may be adapted to high frequency ) or that a spectral match has been determined 
repeatedly ( i . e . at a given acquisition rate ) acquire spectral ( for example , by a synthesized or recorded voice announcing 
information and provide the same to the processing unit 120 . that a spectral match has been determined , or by a sounding 

For each image of the sequence the processing unit 120 50 signal being activated when a spectral match has been 
may generate and output display data to the display 160 for determined ) . 
displaying the sequence of images and an indication of an Tactile information provided via a vibratory unit of the 
RGB equivalent corresponding to each acquisition of spec - user device 100 may for instance be in the form of a 
tral information by the spectrometer module 10 . vibration indicating the degree of correspondence ( for 

The sequence of images or frames acquired by the camera 55 example , by a vibration with a frequency or amplitude which 
150 may be displayed as a video stream on the display 160 , varies in a manner correlated with the degree of correspon 
thereby providing real - time feedback to the user of the dence such as between a low to high frequency or between 
scenery currently viewed by the camera 150 . The processing a low to a high amplitude ) . 
unit 120 may generate and output display data to the display The processing unit 120 may for instance be arranged to 
160 for displaying an indication of a current RGB equivalent 60 determine the degree of correspondence by estimating an 
together ( i . e . adjacent to or overlaying ) each frame of the overlap between the acquired spectral information and the 
video sequence . predetermined spectrum . The processing unit 120 may for 
An alternative manner of providing assistance for a user instance be arranged to calculate a cross - correlation of the 

in targeting the spectrometer module 10 , i . e . directing the acquired spectral information and the predetermined spec 
spectrometer module 10 towards a target , will now be 65 trum . 
described wherein , for the purpose of providing targeting The spectrometer module 10 may be adapted to repeat 
assistance , the processing unit 120 of the user device 100 is edly ( i . e . at a given acquisition rate ) acquire spectral infor 
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mation and provide the same to the processing unit 120 . The sensitive areas thereof are closely arranged along 
processing unit 120 may be adapted to compare each acqui opposing edges of the adjacent electronic circuit mod 
sition of the spectral information by the spectrometer mod ules in the group ; and 
ule 10 to the predetermined target spectrum and provide an an optical module , which is common to the plurality of 
output signal indicating the degree of correspondence and / or 5 separate electronic circuit modules and arranged to 
that a spectral match has been determined . direct incident light towards the light sensitive areas of The user of the user device 100 may thereby gain a each of the electronic circuit modules . 
real - time feedback on a current target of the spectrometer 2 . The spectrometer module according to claim 1 , wherein module 10 and thereby be assisted with targeting of the each of the plurality of separate electronic circuit modules is spectrometer module 10 . 10 arranged on a separate die , and wherein the separate dies are The acquisition of the spectral information by the spec mounted in a common plane . trometer module 10 may be initiated upon activation of a 3 . The spectrometer module according to claim 1 , wherein measuring / spectrometry mode of the user device 100 ( for the light sensitive areas of the plurality of separate electronic example , by the user of the user device 100 activating the modules together define a sensor plane of the spectrometer mode by interaction via the input device of the user device 15 
100 ) . module . 

In response to the processing unit 120 determining that a 4 . The spectrometer module according to claim 1 , wherein 
spectral match has been determined , or in response to the the light sensitive areas arranged along opposing edges of 
user providing a user command via the input device of the the adjacent electronic circuit modules of the group are 
user device 100 , the spectrometer module 10 may initiate a 20 arranged in a corner of the respective electronic circuit 
time - resolved acquisition mode wherein the spectrometer modules . 
module 10 may repeatedly , at a given acquisition rate , 5 . The spectrometer module according to claim 1 , wherein 
acquire spectral information of the current target . Each each of the electronic circuit modules further comprises a 
acquisition of spectral information by the spectrometer rejection filter arranged on top of the electronic circuit 
module 10 may be stored as a data set representing a 25 module for controlling a wavelength interval that is allowed 
time - resolved spectrum of the target . to pass the rejection filter towards the light sensitive area . 

For instance the predetermined target spectrum may rep 6 . The spectrometer module according to claim 5 , wherein 
resent a spectral profile of an oxygenated tissue or blood different rejection filters are arranged on top of different different rejection filters 
sample . The user may be informed by user perceptible electronic circuit modules . information provided by the user device 100 when the user 30 7 . A user device comprising a spectrometer module device 100 is oriented such that the spectrometer module 10 according to claim 1 . acquires spectral information from the tissue or sample . A 8 . The spectrometer module according to claim 1 , further time - resolved spectrum of the tissue or sample may there 
after be acquired which may provide information regarding comprising : 

an illumination source for illuminating an object , wherein blood pulsation or other oximetry information . 
The foregoing is illustrative of example embodiments and the light sensitive area of at least one of the plurality of 

is not to be construed as limiting thereof . Although example separate electronic circuit modules is arranged to detect 
embodiments have been described , those skilled in the art incident light which has interacted with the illuminated 
will readily appreciate that many modifications are possible object ; and 
in the example embodiments without materially departing 40 a housing in which the illumination source and the 
from the novel teachings and advantages of the present plurality of separate electronic circuit modules is 
inventive concept . Accordingly , all such modifications are mounted , wherein the housing further includes a block 
intended to be included within the scope of the present ing element obstructing light from the illumination 
inventive concept as defined in the claims . Therefore , it is to source from propagating within the housing to the light 
be understood that the foregoing is illustrative of various 45 sensitive area . 
example embodiments and is not to be construed as limited 9 . The spectrometer module according to claim 8 , wherein 
to the specific example embodiments disclosed , and that the spectrometer module further comprises a supplementary 
modifications to the disclosed example embodiments , as sensor , which is mounted in the housing and which is 
well as other example embodiments , are intended to be arranged to receive light propagating internally within the 
included within the scope of the appended claims . housing from the illumination source to the supplementary 

sensor . What is claimed is : 10 . The spectrometer module according to claim 9 , 1 . A spectrometer module , comprising : wherein the spectrometer module further comprises a pro a plurality of separate electronic circuit modules , each of 
the electronic circuit modules comprising an integrated 55 s cessing unit , which is configured to automatically correct a 
sensor circuit including a light sensitive area occupying spectrum recorded by the plurality of separate electronic 
part of an area of the integrated sensor circuit , the circuit modules using characteristics of the illumination 
integrated sensor circuits of different electronic circuit source as detected by the supplementary sensor . 
modules configured to detect incident light within 11 . A user device , wherein the spectrometer module 
different , set wavelength intervals , wherein the plural - 60 according to claim 8 is arranged in the user device by 
ity of separate electronic circuit modules include a mounting of the housing in the user device . 
group of adjacent electronic circuit modules and the 12 . The spectrometer module according to claim 1 , further 
light sensitive areas of the adjacent electronic circuit comprising : 
modules in the group are arranged along an edge of the a memory storing predetermined correction data for cor 
respective integrated sensor circuits , and wherein two 65 recting spectral data detected by the light sensitive 
adjacent electronic modules in the group of adjacent areas of each of the plurality of separate electronic 
electronic circuit modules are mounted so that the light circuit modules . 

50 



US 10 , 401 , 220 B2 
33 34 

13 . The spectrometer module according to claim 12 , 
wherein the stored correction data comprises a predeter 
mined characteristic of each of the plurality of separate 
electronic circuit modules . 

14 . The spectrometer module according to claim 12 , 5 
wherein the spectrometer module further comprises a pro 
cessing unit , which is configured to adjust the spectral data 
using the stored correction data . 

15 . The spectrometer module according to claim 12 , 
wherein the spectrometer module is arranged to output 10 
corrected spectral data . 


